Greenhouse gas (GHG) emissions are an important factor in the evaluation of green industrial growth, when low GHG emissions along with high industrial growth are expected. In this paper, the improvement of sustainable development of industry in China (2007China ( -2015 was investigated via analysis of the relationships between the GHG emissions and energy consumption in comparison to European countries. A hierarchical cluster analysis (HCA) was conducted to distinguish industrial growth with GHG emission and energy consumption structures. The results of this research indicated that green industrial growth in Europe had a negative annual rate of GHG emissions. This contributed to the ratio of renewable energy consumption increasing to a maximum of 33% and an average of 16%. In comparison, the GHG emissions in China increased at a rate of 50% to 77% in the main industrial provinces since 2007 with their rapid industrial growth. The rate of GHG emissions decreased after 2012, which was 7% or less than the rate of emissions in the industrial provinces. Contrary to in Europe, the decreasing rate of GHG emissions in China was attributed to the improvement of fossil energy efficiency, as renewable energy consumption was less than 10% in most industrial provinces. Our data analysis identified that the two different energy consumption strategies improved green industrial growth in Europe and China, respectively. Our data analysis identified the two different energy consumption strategies employed by Europe and China, each of which promoted green industrial growth in the corresponding areas. We concluded that China achieved green industrial growth through an increase in energy efficiency through technology updates to decrease GHG emissions, which we call the "China Model." The "Europe Model" proved to be quite different, having the core characteristic of increasing renewable energy use.
Introduction
The approach to a sustainability is a challenge to the industrial growth of both developed and developing countries. In Europe, it is important that the evaluation of sustainable industrial growth is relative to greenhouse gas (GHG) emissions. It has been reported that a remarkable reduction of GHG occurred in European Union countries with the application of sustainable industrial growth policies. The Environmental Kuznets Curve (EKC) affirmed that industrial growth without GHG is increasing in most European countries. Tsiantikoudis S. et al [1] stated that the results of the ARDL approach cannot validate the inverted U-shape of the EKC hypothesis, but an inverted N-pattern was confirmed. This was attributed to a change in the energy consumption structure. The traditional industries led to increasing GHG because fossil fuels were used as the main energy sources in most countries. As the
Literature Review
As defined by Wang and Li [3] , the term green growth indicates that economic growth as well as natural assets continue to provide various resources and environmental services for human well-being. In most of the research on green growth, maintaining economic growth while reducing GHG emissions is one of the most important topics [4] [5] [6] . From the existing research, there are three main ways to achieve this goal: industrial structure upgrades, energy structure upgrades, and energy efficiency improvements driven by technological advances. In general, industrial upgrading and clean energy transformation are often accompanied by technological advances [7] .
Structural upgrades of the industries can transform energy and emissions-intensive industries into capital and technology-intensive industries, thereby achieving the goal of green growth. Heavy industry is the largest source of GHG emissions in China. Lin and Liu [8] showed that these structural upgrades within heavy industry have made an important contribution to the reduction of carbon emission in China. Karmellos et al., [9] analyzed the carbon dioxide emissions and economic growth of European countries from 1960 to 1996 and found that the structural upgrades played the same role in carbon emissions reduction. Similar research can be seen in literatures [10] [11] [12] . In general, industrial restructuring and upgrading of energy structures are often accompanied by technological advances and energy efficiency improvements [13] .
Energy structure transformation and upgrading can promote green growth. The replacement of traditional fossil fuels such as coal and oil by renewable energy sources such as hydropower, wind energy, solar energy, and nuclear energy can also reduce greenhouse gas and pollutant emissions while ensuring economic growth [14, 15] . Hansen et al. [16] showed that Germany will build an energy system that aims to operate using 100% renewable energy, which will achieve the goal of zero emissions. The shortcomings of the clean transformation of energy structure are also obvious, as the cost of renewable energy is higher than that of fossil energy [17] . Other literature analyzes green growth from the perspective of technological progress. Technological progress can increase energy efficiency, which can in turn achieve energy saving, emission reduction, and green growth [18, 19] .
Different countries or different regions of a country have different levels of attention to green growth, and a comparison of these countries can provide inspiration for us to better formulate relevant policies [20, 21] . Almost all of this research starts with the upgrading of industrial structures and discusses their contribution to green growth. But at the same time, as people pay more attention to green growth, green growth can also promote the transformation and upgrading of industrial structures [22] .
Comparing China and some European countries can provide us with a good sample to investigate different patterns in terms of industrial structures, energy consumption structures, and green growth, which can ultimately help us to better understand and implement this mechanism of green growth.
Data and Methodology

Data
All the Chinese data were collected from the Chinese National Bureau of Statistics. All the European data were collected from the European Environmental Agency (EEA) and the Eurostat. The Eastern European countries including Romania, Poland, and Czech Republic were selected as investigation subjects. For comparison, the UK, Netherlands, Spain, Austria, Germany, and France were selected as developed country subjects in this study. Wind, solar, nuclear energy and natural gas were defined as green energy and the coal and oil were defined as traditional energy in the data collection process. The time period was from 2007 to 2016. All of the units of energy were converted into the weight of standard coal.
Methodology
Principal Component Analysis
Principal component analysis (PCA) is a method for the reduction of dimension, which reveals the structure of the data matrix [23] . In current work, a data matrix composed of the industrial output, GHG emission, and renewable energy consumption of European countries and China provinces, was established. Principal components (PCs) involving several non-correlation components were formed via the reduction of the variables in the dataset. A screen plot was used to determine the number of PCs, which is relative to each variable. The relationships between the variables can be accessed and visualized in two dimensions.
Hierarchical Cluster Analysis
Hierarchical cluster analysis (HCA) is a method that is used to illustrate and classify data to the type of cluster, as well as to measure the similarities for distinct data sources [24, 25] . The theory of HCA is shown in Figure 1 . HCA aims to divide and discriminate the data matrix in different hierarchies. The initial sequence is random and disordered. The order and direction are determined gradually in different hierarchies after each cluster. There are two strategies to divide the dataset: agglomerative hierarchical clustering (AGNES) and divisive hierarchical clustering (DIANA). In AGNES, all each data points were regard as a cluster. The statistical distances between the data points were evaluated. Two data points were merged into a new cluster according to the minimum distance. This combination process was repeated until the expected cluster number was obtained. DIANA works in the opposite way to AGNES. All the data points are regarded as one cluster and divided according to the maximum statistical distance. This division process was repeated until the expected cluster number was obtained. HCA can reflect the order and direction of a dataset, which means HCA can also access the linear relationship between variables through observation of the differences between clusters. It provides insight into the variety and the interaction to the linear relationships between the variables in a dataset under different clusters. Statistical distance is a method used to evaluate the similarity between data points in HCA [26, 27] . The similarity was calculated in Equation , (1) where Sim (a,b) represents the similarity between points a and b, which is relative to the distance d (a,b) between them. Because the result of cluster analysis is in line with the statistical distance matrix, the selection for statistical distance is critical in HCA.
There are several models for description of d (a,b) in HCA, such as Euclidean Distance, Manhattan Distance, Cosine Similarity, and Jaccard Similarity. In the current work, Euclidean Distance was selected due to the following reasons: 
The investigation object variables are numeric values and the regression of indices
with the year is robust. The Jaccard Similarity was not considered. For the Cosine Similarity, the elements in each vector were defined into characters, which means the differences in numeric values were removed. Obviously, the Cosine Similarity is not adapted in this study. Because the dataset in this study is normal distribution and the units and forms of influence can be removed through normalization treatment, the Euclidean Distance was chosen as the statistical distance in this study.
The details of Euclidean Distance are as follows: Statistical distance is a method used to evaluate the similarity between data points in HCA [26, 27] . The similarity was calculated in Equation (1) Sim(a, b)
where Sim (a,b) represents the similarity between points a and b, which is relative to the distance d (a,b) between them. Because the result of cluster analysis is in line with the statistical distance matrix, the selection for statistical distance is critical in HCA. There are several models for description of d (a,b) in HCA, such as Euclidean Distance, Manhattan Distance, Cosine Similarity, and Jaccard Similarity. In the current work, Euclidean Distance was selected due to the following reasons:
1.
The variable selection was subjective in the linear model. In the application of the linear model for the economic variable, the results of the t-test are the first considerable index that can be used to evaluate the relationship between one variable and a response variable. The variable index, R 2 , which assesses the importance of a variable to the linear model, can usually not be evaluated and the importance of the variable for the linear model cannot be accessed due to the complexity of economic and society variables. This leads to subjectivity in variable selection.
2.
The investigation object variables are numeric values and the regression of indices with the year is robust. The Jaccard Similarity was not considered. For the Cosine Similarity, the elements in each vector were defined into characters, which means the differences in numeric values were removed. Obviously, the Cosine Similarity is not adapted in this study. Because the dataset in this study is normal distribution and the units and forms of influence can be removed through normalization treatment, the Euclidean Distance was chosen as the statistical distance in this study.
The details of Euclidean Distance are as follows: Euclidean Distance is the most used statistical distance measurement in HCA, which can describe the geometric distance between points x and y in a multidimensional space (Equation (2)). It is noted Sustainability 2019, 11, 7168 5 of 15 that the Euclidean Distance can be influenced by the unit of the original dataset. If there is a significant difference of the magnitude of x and y, the Euclidean Distance will produce incorrect information
where i represents the normalized values of evaluated indices in the year of x and y. The linkage method was chosen as an average to reduce the errors caused by outliers in this HCA. Accordingly, the HCA was conducted using the package of NbClust in R version 3.4.4, which is a free software environment for statistical computing and graphics. The NbClust package of HCA deploys Euclidean Distance.
Before the evaluation of HCA, the relationships between energy, GHG and the outputs of industry were evaluated using a linear regression model in the package of lm in R version 3.4.4. The linear regression is a common investigation method due to its simplified nature and commonness. Each significance level of independent variables was evaluated using the t-test to evaluate the relationship between it and the response variable.
Results
With an empirical analysis of HCA, the different models of industrial growth in European countries and China were evaluated through the relationship between renewable energy consumption and the efficiency of GHG emissions. The results were drawn as follows:
Change of Industry Growth in Europe with Energy-consumption Structure and GHG Emissions
The level of industrial growth in Europe (WE) and Central/Eastern Europe (EE) has different patterns. As shown in Figure 2a , an increase in industrial output was observed in Austria, Germany, and Belgium since 2010. Other WE countries showed little growth in their industries as no growth of the industrial output was observed. In contract, a sharp increase in industrial output occurred in Central/Eastern Europe (EE) since 2010. Among these countries, Romania and Poland saw a major increase in their industrial output, which suggests a fast increasing of economic growth in EE. It is noted that the industry growth rate of EE countries was similar to that of Austria and Germany.
In terms of pollution, the amount of GHG emission varied in EE and WE. Figure 2b shows that GHG emissions in Germany, the UK, and France was higher than those in other countries, consistent with their high industrial output among European countries. Despite this, the total GHG emissions in European countries were reduced. From 2007, the highest reduction rate of GHG emissions was 26% in Romania, followed by 23% in United Kingdom, and 20% in Spain. The lowest reduction rate of GHG emission was about 4% in Poland. This observation shows green industrial growth with the reduction of GHG emissions in Europe.
To further evaluate green industry growth in Europe, the annual increasing rate between GHG emission and industry output in European countries was figured out. Figure 3 shows that in most cases, the GHG emission increasing rate was negative, even with the positive increasing rate of industry output. One point that should be especially noticed is a positive increasing rate of GHG emissions in 2010 with the relatively decreasing of industrial growth, which was due to the financial and fiscal crisis since 2008 ( Figure 2 ). Despite the positive increasing rate of GHG emissions, this reflects a green industrial growth pattern in European countries. It is noted that the increasing of renewable energy consumption in both WE and EE was encouraged, which improved the reduction of GHG emissions. Accordingly, the industrial growth pattern with the increase in renewable energy consumption for low GHG emission is popular in European countries. To further evaluate green industry growth in Europe, the annual increasing rate between GHG emission and industry output in European countries was figured out. Figure 3 shows that in most cases, the GHG emission increasing rate was negative, even with the positive increasing rate of industry output. One point that should be especially noticed is a positive increasing rate of GHG emissions in 2010 with the relatively decreasing of industrial growth, which was due to the financial and fiscal crisis since 2008 ( Figure 2 ). Despite the positive increasing rate of GHG emissions, this reflects a green industrial growth pattern in European countries. It is noted that the increasing of renewable energy consumption in both WE and EE was encouraged, which improved the reduction of GHG emissions. Accordingly, the industrial growth pattern with the increase in renewable energy consumption for low GHG emission is popular in European countries. (Figure 4a ). Anhui province provided a GHG emissions rate of 77%, which was highest among Chinese provinces. The GHG emission rate in Jiangsu, (Figure 4a ). Anhui province provided a GHG emissions rate of 77%, which was highest among Chinese provinces. The GHG emission rate in Jiangsu, Guangxi, and Sichuan were 50-54%. It is notable that the increasing of GHG emissions was inhibited since 2012 in all Chinese provinces except for Sichuan and Zhejiang. For instance, the rate of GHG emissions decreased by 10% in Anhui, 7% in Jiangsu, and 3% in Guangxi, respectively. This indicates that the reduction policy for GHG emissions worked in China. With GHG emission reductions, the industrial growth persisted. As shown in Figure 4b , the increasing of industrial output was recorded. This suggests that in China, the high industrial growth did not lead to high GHG emission. Besides the replacement of fossil energy by renewable energy, the increase in energy consumption efficiency of fossil fuels such as coal and oil was an alternative way to promote industrial growth. This is what happened in China. This suggests that the reverse relationship between industrial growth and reduction of GHG emission in China is predominantly relative to the change of energy efficiency rather than to its energy consumption structure. Figure 4c shows the annual increasing rate between GHG emissions and industrial output in China. With the increase in the rate of annual industrial output growth, a sharp increase in the GHG emission rate was observed. It is noted that when the annual rate of industrial growth was higher than 20%, the annual increasing rate of GHG emissions was decreased and maintained at 10%. Thus, the GHG emissions were decreased at high rates of industrial growth, which was proposed to be sustainable in China. This is supported by the statistical result of the ratio between two annual increasing rates (R GHG/Output ). In Europe, R GHG/Output was 0.17 via a linear fitting for EE (red curve) and 0 for WE (green curve), respectively (Figure 3 ). R GHG/Output in China changed from 0.68 to 0.27 with the rate of industrial growth ranging from 0% to 20%, but the industrial growth rate decreased to 0.07, or around 30%. Apparently, the controlling of GHG emissions in China seemed similar to that in Europe. However, fossil fuels are still the main energy supplement for Chinese industrial growth. It is supposed that the path of GHG emission reductions in China does not follow that of Europe.
Growth of Industry in China
Besides the replacement of fossil energy by renewable energy, the increase in energy consumption efficiency of fossil fuels such as coal and oil was an alternative way to promote industrial growth. This is what happened in China. This suggests that the reverse relationship between industrial growth and reduction of GHG emission in China is predominantly relative to the change of energy efficiency rather than to its energy consumption structure.
Driving Forces of GHG Emission Reduction with Industry Growth
To recognize the approaches to sustainable industrial growth in China and Europe, the energy consumption structure of these areas should be analyzed respectively as follows: Figure 5a shows that the consumption of renewable energy was increased in Europe. A high consumption of renewable energy was observed in United Kingdom, Belgium, and the Czech Republic with the amount of renewable energy consumption reaching around 20 Mtce. The percentage of renewable energy in gross energy consumption (r renewable ) was correspondingly increased (Figure 5b) . The value of r renewable was 25% in Romania and 32% in Austria with the percentage among these countries therefore reaching at 16%.
In comparison, the amount of renewable energy consumption in Chinese provinces was below 15 Mtce. Only Sichuan provided an amount of renewable energy consumption 32 Mtce (Figure 5c ). Despite this, the percentage of renewable energy in gross energy consumption in most China provinces increased since 2012. The level of r renewable was less than 10% except in Sichuan province (16%) (Figure 5d ). Therefore, this proposes that the effect of renewable energy on GHG emission was limited and did not support fast industrial growth. The low consumption of renewable energy in China suggests that industrial growth was supported by fossil fuel utilization.
Moreover, the impact of energy consumption structure on industrial output in China was identified compared to that in Europe. For this purpose, Figure 6 shows the annual relationship between renewable energy consumption and industrial output increasing in European countries and China. In Europe (Figure 6a ), the annual increasing rate of renewable energy consumption was constant at around 2% regardless of the changing in the annual increasing rate of industrial output. In comparison, an inverted "U" curve was observed via the regression result of annual increasing rate between renewable energy consumption and industrial output in China (Figure 6b ). The peak of 1.5% annual increasing rate of renewable energy consumption compared to a 10% increasing in the annual rate of industrial output. The annual rate of renewable energy consumption decreased with the annual increasing rate of industry output when it was higher or lower than 10%. Therefore, this observation indicates that energy efficiency was responsible for industrial growth in China. and did not support fast industrial growth. The low consumption of renewable energy in uggests that industrial growth was supported by fossil fuel utilization. Moreover, the impact of energy consumption structure on industrial output in Chi identified compared to that in Europe. For this purpose, Figure 6 shows the annual relat constant at around 2% regardless of the changing in the annual increasing rate of industrial output. In comparison, an inverted "U" curve was observed via the regression result of annual increasing rate between renewable energy consumption and industrial output in China (Figure 6b ). The peak of 1.5% annual increasing rate of renewable energy consumption compared to a 10% increasing in the annual rate of industrial output. The annual rate of renewable energy consumption decreased with the annual increasing rate of industry output when it was higher or lower than 10%. Therefore, this observation indicates that energy efficiency was responsible for industrial growth in China. To distinguish the model of energy consumption in different areas, the cluster dendrogram by HCA was figured out via industrial growth, GHG emissions, and renewable energy consumption. Figure 7a shows the driving force of industrial growth in various areas was divided into three groups: the United Kingdom group with Germany and France, other European countries, and China. This reflects three types of green industrial growth. The United Kingdom group with Germany and France are the industrial countries that led the reduction of GHG emissions for decades with increases in renewable energy consumption. In comparison, the high rate of renewable energy in the industrial growth in other European countries was developed to maintain reductions of GHG emissions. In China, fossil fuels were the main energy consumed for the industrial growth that released many GHG emissions. For 2015, the cluster result is similar to that for 2007 ( Figure 7b ). This reflects the renewable energy consumption increased industrial growth in Europe, especially in countries outside of the United Kingdom group with Germany and France. It is interesting that the energy consumption structure in China was different from that in European countries. This indicates that fossil fuel is still the main energy consumption source in China. In accordance with this, a different model of green industrial growth was identified in China from that in Europe, which was relative to their corresponding energy consumption. To distinguish the model of energy consumption in different areas, the cluster dendrogram by HCA was figured out via industrial growth, GHG emissions, and renewable energy consumption. Figure 7a shows the driving force of industrial growth in various areas was divided into three groups: the United Kingdom group with Germany and France, other European countries, and China. This reflects three types of green industrial growth. The United Kingdom group with Germany and France are the industrial countries that led the reduction of GHG emissions for decades with increases in renewable energy consumption. In comparison, the high rate of renewable energy in the industrial growth in other European countries was developed to maintain reductions of GHG emissions. In China, fossil fuels were the main energy consumed for the industrial growth that released many GHG emissions. For 2015, the cluster result is similar to that for 2007 ( Figure 7b ). This reflects the renewable energy consumption increased industrial growth in Europe, especially in countries outside of the United Kingdom group with Germany and France. It is interesting that the energy consumption structure in China was different from that in European countries. This indicates that fossil fuel is still the main energy consumption source in China. In accordance with this, a different model of green industrial growth was identified in China from that in Europe, which was relative to their corresponding energy consumption. The different model of sustainable industrial growth are shown by the PCA method. As shown in Figure 8a , the data spot of European countries in 2007 kept close to PC2 while those of most China provinces kept close to PC1. As the contribution of renewable energy consumption to the GHG emission reduction in Europe, the PC2 stands for renewable energy consumption. As a result, the efficiency of primary energy has an effect on the decrease in GHG emissions in China, as PC1 stands The different model of sustainable industrial growth are shown by the PCA method. As shown in Figure 8a , the data spot of European countries in 2007 kept close to PC2 while those of most China provinces kept close to PC1. As the contribution of renewable energy consumption to the GHG emission reduction in Europe, the PC2 stands for renewable energy consumption. As a result, the efficiency of primary energy has an effect on the decrease in GHG emissions in China, as PC1 stands for the contribution of energy efficiency. Moreover, in 2015, the model of energy consumption in Europe and China was similar to for 2007 ( Figure 8b ). It is indicated that for sustainable industrial growth, renewable energy consumption contributed to the GHG emission reductions in Europe at the negative annual increasing rate of GHG emission. For the same purpose, the increase in energy efficiency via the technology update to decrease GHG emission worked in China as there was a decrease in annual rate of GHG emissions (Figure 4c ). 
Discussion
For the model of green industrial growth between Europe and China, different strategies were adopted. According to the result in the current work, the characteristics between the China and Europe model are summarized and listed in Table 1 , compared to that in previous work. In Europe, 
For the model of green industrial growth between Europe and China, different strategies were adopted. According to the result in the current work, the characteristics between the China and Europe model are summarized and listed in Table 1 , compared to that in previous work. In Europe, green productivity growth is the strategy, which is achieved via stringent environmental regulation policy [28, 29] . However, the compliance cost effect would be high to maintain economic growth. This challenge could be solved via renewable energy consumption, which has been reported in Greece [30] and India [31, 32] . As renewable energy consumption was promoted, industrial growth was accompanied with a relatively fast reduction of GHG emissions in European countries, which could be attributed to the change of energy consumption structure. We call this the Europe Model (EM).
Meanwhile, in those countries where abundant coal or oil is produced, technological progress can reduce carbon intensity, which will increase the energy efficiency [33] .The results in previous work have revealed that energy efficiency is improved in China recent decade [22, 34] . Li and Lin [35] shows that China's technological progress has reduced carbon dioxide emissions by 3.2% each year. China's carbon emissions through consumption of oil, gas, and coal was 9428.8 million tons in 2018, which was reported in BP Statistical review of world energy 2019, which means that technological progress will reduce carbon emissions by 300 tons while other conditions remain the same. This is relative to industrial structure green adjustments, along with a market-based environmental regulation. In this situation, it is proposed that innovation of conversion technology in fossil fuel energy can be achieved in China, which would lead to the reduction of emission rate with a fast industrial growth. Thus, we label this strategy the China Model, which contrasts to the Europe Model with the core character of using more renewable energy. The findings enable an empirical analysis of the Porter Hypothesis and can further promote green growth in China. Table 1 . Co-evaluation key-characteristics between the China and Europe models.
Characteristics
China Model Europe Model Reference
Strategy Industrial structure green adjustment, green total factor productivity Green productivity growth [29, 33] Policy Market-based environmental regulation Stringent environmental regulation policy [3, 29] Industrial structure The service sector is developing rapidly, while the proportion of industry is still high Dominated by service sector [36, 37] Energy Energy Efficiency, Innovation of conversion technology in fossil fuel energy Renewable energy, Solar, Wind . . . This study; [38] Pollution Emission Reduction of emission rate Negative emission rate This study; [34] 
Conclusions
In the current work, the effect of energy-consumption on green industrial growth with GHG emission was investigated in China, compared to that in Europe. The relationships between the industry outputs and the mass weights of green energy consumption with GHG emission were accessed to evaluate the improvement of green development on the growth of industry. Hierarchical cluster analysis (HCA) was conducted to distinguish the time points to evaluate the transformation of industrial and energy consumption structures. Through our research results we conclude:
(1) The green industrial growth in Europe contributed to the ratio of renewable energy consumption, which increased to a maximum of 33% and 16% on average. By replacing traditional fossil fuels with renewable energy, European countries were able to reduce their GHG emissions while maintaining economic and industrial growth.
(2) Although China's total greenhouse gas emissions continue to rise, China still achieves a certain degree of green industrial growth, which can be largely attributed to the improvement of energy efficiency. Due to its huge energy consumption, China's renewable energy proportion is difficult to raise to the level of European countries in the short term, which means that China's green growth will continue to rely mainly on energy efficiency.
(3) In recent years, the consumption and proportion of renewable energy in China have been rising, and the growth rate of greenhouse gas emissions has been declining. However, in general, the increase in energy efficiency via the technology update to decrease GHG emissions worked in China, which we call the China Model. This is quite different from the Europe Model, which has the core character eristic of using more renewable energy. We conclude that either the utilization of renewable energy or the improvement of fossil energy efficiency through technological progress could be options to promote sustainable development.
